Importance: Comparative effectiveness research of prostate cancer therapies is needed because of the development and rapid clinical adoption of newer and costlier treatments without proven clinical benefit. Radiotherapy is indicated after prostatectomy in select patients who have adverse pathologic features and in those with recurrent disease.
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ROSTATE CANCER IS THE MOST
common malignant neoplasm in American men, with more than 240 000 diagnoses and 30 000 deaths per year. 1 Recent advances in technology have brought forth costlier surgical and radiotherapy options, such as intensitymodulated radiotherapy (IMRT), which have been rapidly adopted for clinical use despite a lack of comparative effectiveness research. A recent study 2 showed that the use of new technologies in prostate cancer has increased health care costs by $350 million each year, with most of this cost associated with IMRT. Multiple major institutional bodies have called for comparative effectiveness research in prostate cancer, 3, 4 with the Institute of Medicine 4 recently selecting the management of localized prostate cancer as one of its top priorities for comparative effectiveness research.
Radiotherapy has the potential to damage organs adjacent to the prostate, such as the bladder and rectum, leading to long-term morbidity. Intensity-modulated radiotherapy is a newer technology in which the intensity of the radiation beam is varied at each treatment beam angle. This type of treatment requires more complicated radiotherapy planning and delivery, which have led to approximately 50% higher reimbursement rates than the older conformal radiotherapy (CRT). 2, 5 Because IMRT planning studies have demonstrated that it can consistently reduce high radiation dose exposure to these nearby organs compared with CRT, the rapid adoption of IMRT in prostate cancer likely relates to its potential ability to reduce treatmentrelated morbidity. A recent study 6 demonstrated that, as primary treatment for prostate cancer, IMRT vs CRT was associated with lower gastrointestinal (GI) morbidity and improved cancer control, the latter likely the result of an ability of IMRT to safely allow higher radiation doses to be delivered to the prostate (dose-escalated radiotherapy). This was one of the first comparative effectiveness studies between IMRT and CRT in prostate cancer.
In addition to being used as primary prostate cancer treatment, radiotherapy also is used for select patients after prostatectomy, including those with adverse pathologic factors [7] [8] [9] and those with recurrent disease. 10 Up to half of patients may have an indication for radiotherapy after prostatectomy. 11 In this setting, because the prostate has been removed, the radiation dose is lower than that given for primary treatment. 8, 9, 12, 13 Therefore, the potential benefit of IMRT vs CRT in terms of reducing treatment-related morbidity may be less pronounced. There is also no definitive evidence to support dose-escalated radiotherapy in the postprostatectomy setting, so the potential benefit of IMRT for cancer control is unclear. The comparative effectiveness of radiation techniques in the postprostatectomy setting is not well studied.
The goals of this institutional review board-exempt study were to examine the utilization patterns of postprostatectomy radiation techniques and to compare the morbidity and cancer control outcomes of IMRT vs CRT using the Surveillance, Epidemiology, and End Results (SEER)-Medicare-linked database. The population evaluated was a cohort of patients with recent prostate cancer.
METHODS
DATA SOURCE
The SEER-Medicare-linked data are commonly used in population-based studies of cancer treatment and outcomes.
14 Briefly, these data are composed of cancer-specific and demographic information from the SEER program of population-based cancer registries, which represent approximately 26% of the US population. These data are linked to administrative and health care claims data for Medicare, which insures Americans aged 65 years or older and documents the health care diagnoses, procedures, and dates of service for beneficiaries.
STUDY COHORTS
We identified a source population of 275 266 men with prostate cancer diagnosed between January 2000 and December 2007; their associated claims were obtained through December 31, 2009 . From this cohort, we excluded men with additional cancer diagnoses, metastatic disease, or disease diagnosed at autopsy and those missing month of diagnosis, which left a sample of 251 787. The study sample was further restricted to men aged 66 years or older to allow at least 1 year of claims data before diagnosis for the assessment of baseline comorbidities, which may affect treatment selection and outcomes. To ensure complete capture of health services in claims for the duration of the study, we excluded men who were enrolled in a health maintenance organization or who were not enrolled in both Medicare Part A and Part B from the time of prostatectomy through an event or end of follow-up in claims (2009). This resulted in a cohort of 97 938 patients.
Using Current Procedural Terminology/Healthcare Common Procedure Coding System procedure codes (eTable 1; http: //www.jamainternalmed.com), we identified 1539 men who underwent radical prostatectomy and subsequent radiotherapy within 3 years of surgery, representing approximately 10% of prostatectomy patients during this period. The 3-year time window was selected to minimize identification of men undergoing palliative radiotherapy for metastatic disease. Because there was a large shift in the use of radiation techniques during the study period (Figure 1) , we restricted our analysis to the 1014 men who received radiotherapy between 2002 and 2007 to maximize the overlap in baseline characteristics in the IMRT vs CRT cohorts and thus to allow the application of propensity score weighting. In this analytic sample, 457 men received IMRT and 557 received CRT. Patients who received both IMRT and CRT after surgery were excluded from the analysis.
OUTCOMES
Morbidity outcomes examined included conditions associated with radiotherapy for prostate cancer: GI morbidity, urinary incontinence, nonincontinence urinary morbidity, and sexual dysfunction. [15] [16] [17] [18] Hip fracture was evaluated initially, but because of an insufficient number of events (n = 11) was excluded from final analyses. Diagnoses and procedures (eTable 1) in each morbidity category were examined as separate outcomes. Because a goal of this study was to compare long-term morbidity associated with the 2 radiation techniques, we excluded person-time and diagnoses and procedures that occurred within 1 year of radiotherapy to prevent confounding from acute morbidity, most of which resolves and does not become long-term morbidity. Abbreviations: CRT, conformal radiotherapy; GI, gastrointestinal; IMRT, intensity-modulated radiotherapy; RTOG, Radiation Therapy Oncology Group; SEER, Surveillance, Epidemiology, and End Results.
a The number of samples count in each cell was rounded to integers after implementing propensity weights; therefore, the sum of the numbers does not equal the total sample count because of rounding.
b Cells with fewer than 11 patients were suppressed from being presented in the Consistent with prior studies, 6,19-21 we identified men requiring further cancer treatment after radiotherapy as an indicator of disease recurrence. We defined subsequent treatment as that which occurred 9 months or more after the initiation of radiotherapy, also consistent with prior work. 6 Furthermore, for patients who received concurrent androgen deprivation therapy, additional treatment was defined as cessation of all treatment for 9 months or more followed by reinitiation of androgen deprivation therapy or another salvage treatment. Survival was not examined because death due to prostate cancer is minimal within 5 years of treatment and is not expected to be significantly different by radiation technique within this time frame.
1
CONTROL VARIABLES
Patient-level demographic variables, such as race, age at diagnosis, and marital status; census tract measures of income and education; SEER region; and population density (urban vs rural) were provided by SEER data. Medicare claims data provided information on the treatments received, date of treatment, baseline comorbid conditions, and institutional affiliation with the Radiation Therapy Oncology Group, a radiationspecific clinical trials cooperative group that requires special quality-control measures and credentialing. Surgical technique (minimally invasive radical prostatectomy vs open radical prostatectomy) and the use of androgen deprivation therapy concurrently with radiation were included as covariates because of their potential effects on long-term morbidity and disease control. 22 Baseline diabetes mellitus and conditions associated with the use of therapeutic anticoagulation (eg, atrial fibrillation and valvular disease) can increase morbidity risk from radiotherapy [23] [24] [25] and were also included.
STATISTICAL ANALYSIS
We used propensity score weighting to adjust for potentially important baseline characteristics. Specifically, we first used logistic regression to estimate the probability of receiving IMRT vs CRT using all covariates listed in Table 1 . 26 No variable selection was performed for the propensity score model given the large number of patients. Distribution of propensity scores was evaluated by treatment group to examine for sufficient overlap among the groups to ensure comparability. We trimmed the sample by removing 89 patients with nonoverlapped propensity score distribution (IMRT, 10; CRT, 79). A propensity score weight was calculated as the inverse of the propensity for the radiotherapy received. The weight then was multiplied by the marginal prevalence of treatment actually received to reflect the original sample size for each treatment group. This creates pseudocohorts by weighting each patient by the inverse of the estimated probability of receiving the treatment actually received. [27] [28] [29] [30] [31] [32] We then ran Poisson regression models in these pseudocohorts that included only the treatment variable as the independent variable for each outcome. Because each patient was monitored for varying lengths of time, we also included the length of time to the first morbidity event as the offset variable in the model. This allowed us to calculate incidence rate ratios and their 95% CIs.
For each morbidity and disease control outcome, we calculated the number of events per 100 person-years of follow-up to be consistent with published studies. 6, 19 Follow-up time was determined from the start of follow-up (12 months after the start of radiotherapy for morbidity and 9 months for subsequent cancer therapies) until an event or censoring due to death or at the end of the study (December 31, 2009). Median follow-up was 45.6 months for CRT patients and 27.5 months for IMRT patients. As a sensitivity analysis, we also applied Cox proportional hazards regression models using both the inverse of the estimated probability of receiving the treatment and the conventional outcome model. Furthermore, because incidence rates may not be constant over time, we performed sensitivity analyses restricting the follow-up time to 24 months. Statistical significance was set at P = .05, and all tests were 2-tailed. Analyses were performed using commercial software (SAS, version 9.2; SAS Institute, Inc).
RESULTS
Among the patients who received postprostatectomy radiotherapy, use of IMRT vs CRT increased from zero in 2000 to 82.1% in 2009 (Figure 1 ). There were geographic variations in the use of IMRT, as well as increased IMRT use in metropolitan vs nonmetropolitan areas (Table 1) . After propensity score weighting, baseline characteristics among CRT and IMRT patients were balanced.
Unadjusted and propensity model-adjusted outcomes for IMRT vs CRT are reported in Table 2 . In the Abbreviations: CRT, conformal radiotherapy; IMRT, intensity-modulated radiotherapy; RR, rate ratio.
adjusted analysis, there were no significant differences between the 2 groups in GI or urinary diagnoses or procedures, as well as in erectile dysfunction. There also was no significant difference in receipt of subsequent cancer therapies (Table 2 and Figure 2 ) that may suggest a recurrence of prostate cancer. Sensitivity analyses using Cox proportional hazards regression models produced very similar results for the effect estimates in magnitude and precision (eTable 2). The results of sensitivity analyses performed at 24 months of follow-up were consistent with the main analyses (data not shown).
DISCUSSION
In prostate cancer, there has been recent development of newer and promising surgical and radiation treatments. There also has been a trend of increased adoption of these newer treatments without (or before) proven benefit relative to older treatments. 6, 19 These trends and their associated costs to the health care system 33 highlight the importance of comparative effectiveness research. The Institute of Medicine included the management of localized prostate cancer as a first-quartile priority topic in its top 100 topics for comparative effectiveness research. 4 To our knowledge, this population-based study is the first to demonstrate the rapid adoption of IMRT for postprostatectomy radiotherapy despite a relative lack of comparative effectiveness data demonstrating benefit in patient outcomes compared with the older CRT. From 2000 to 2009, IMRT use increased from zero to 82.1%. This rate of increase closely resembles that reported 6 for primary radiotherapy for prostate cancer; however, it appears that there is not yet complete adoption of IMRT for postprostatectomy treatment. The reason for this rapid increase may be related to expectations by physicians and patients of a reduction in treatment morbidity from IMRT or in part because of higher reimbursement for the use of IMRT. 5 Both the United Kingdom and Canada have experienced increased use of advanced radiation technology such as IMRT, but not to the level of the United States. 34, 35 Our study shows that these expectations may not be based in clinical reality. In contrast to prior findings 6 of IMRT being associated with reduced GI morbidity and improved cancer control compared with CRT in the primary treatment setting, we found no significant difference in the present study in any outcome between the 2 techniques for postprostatectomy radiotherapy. One potential explanation for this null finding is the lower postprostatectomy radiation dose and therefore less potential need for using a more advanced technique to meet dose requirements to limit exposure of adjacent organs. This is supported by the low rates of morbidity as reported in prospective clinical trials 7, 9 of postprostatectomy radiotherapy using CRT: less than 5% long-term GI and urinary adverse effects. It is unclear if and, if so, by how much IMRT is able to lower these rates. Another possible explanation is that the effect of prostatectomy may be the dominant factor causing morbidities such as urinary incontinence and erectile dysfunction 36, 37 ; thus, morbidities from postsurgical radiotherapy become less pronounced. Studies 36, 37 that examined physician-and patient-reported outcomes in prostate cancer suggest that this may be the case. However, surgical morbidity may be higher in the overall Medicare population than that in high-volume academic centers, masking a potential difference between IMRT and CRT. Finally, because there is no clear role for dose escalation for postprostatectomy radiotherapy, the lack of difference in receipt of subsequent cancer therapies in patients receiving IMRT vs CRT is consistent with a priori clinical expectations.
This study adds information to recent comparative effectiveness studies examining patient outcomes with newer vs older prostate cancer treatments, which have shown mixed results, 6, 19 and is broadly illustrative of a difficulty in health care in which new technologies are rapidly adopted before evidence of clinical superiority. 38 A study 19 comparing minimally invasive prostatectomy vs the older open prostatectomy technique demonstrated that, although minimally invasive surgery was associated with lower rates of short-term postoperative complications, it also was associated with higher rates of genitourinary morbidity, incontinence, and erectile dysfunction. However, a study 6 comparing IMRT with CRT for primary prostate cancer treatment found that IMRT was associated with lower rates of long-term GI morbidity and need for subsequent cancer treatments.
Radiotherapy for prostate cancer can cause damage to organs adjacent to the prostate, thus causing long-term morbidity. The ability of IMRT to reduce radiation doses to the organs (eg, bladder and rectum) compared with CRT likely explains the reduced long-term morbidity found in the prior study. 6 Furthermore, for primary radiotherapy in prostate cancer, 3 randomized trials 13, 39, 40 have consistently demonstrated that higher radiation doses (78-79 Gy) resulted in improved cancer control compared with lower doses (68-70 Gy). Thus, the ability of IMRT to safely deliver dose-escalated radiotherapy is a plausible mechanism for its association with improved cancer control compared with CRT. No. at Risk Figure 2 . Adjusted rates of subsequent cancer treatment for patients who received intensity-modulated radiotherapy (IMRT) vs conformal radiotherapy (CRT). Time 0 was the start of follow-up as defined in the Methods section, which was 9 months after the start of radiotherapy.
Although IMRT for the primary treatment of prostate cancer has a strong theoretical basis, the rationale for its use in the postprostatectomy setting is less compelling because a lower dose is used. [41] [42] [43] With a lower dose, the need to use a more sophisticated technique to maintain doses to nearby organs below guideline levels may be less pronounced. Indeed, dosimetric studies [41] [42] [43] have demonstrated conflicting results on the usefulness of postprostatectomy IMRT compared with CRT.
The optimal postprostatectomy radiation technique is unknown. To our knowledge, prior to this investigation, only one other large study 44, 45 has directly compared patient outcomes of postprostatectomy IMRT with those of CRT. In a retrospective single-institutional series of 285 patients, Goenka et al 45 reported no significant difference in urinary incontinence, other urinary morbidity, or sexual dysfunction among patients who received these 2 radiation techniques; these findings are consistent with ours. In addition, no significant difference in disease recurrence was described. However, Goenka et al found a lower rate of GI morbidity in patients receiving IMRT (5-year rate, 1.9% vs 10.2% for CRT). Their study included patients who received CRT as early as 1988, which may not reflect the outcomes of more modern treatment, with patients having the benefit of computed tomography-based radiation planning. This is exemplified by the rate of GI morbidity associated with CRT (10.2%), which is significantly higher than that reported by other studies. In randomized trials 7, 46 of postprostatectomy observation compared with immediate radiotherapy using CRT, long-term GI morbidity in radiation-treated patients was 3.3% or less. Therefore, in the more recent setting, whether IMRT vs CRT reduces bowel morbidity requires further study.
The strengths of our study include the use of a population-based cohort that reflects treatment outcomes in the community setting. To the best of our knowledge, this is the first study to demonstrate the rapid uptake of postprostatectomy IMRT and the largest study to compare patient outcomes from IMRT with those from CRT. Furthermore, we adjusted for baseline morbidity and included covariates that could influence treatment outcomes, such as anticoagulation, Radiation Therapy Oncology Group affiliation, and prostatectomy technique, in an attempt to minimize confounding by these variables.
However, there are limitations to the use of SEERMedicare data for the assessment of clinical outcomes. Because claims files are not designed to provide detailed clinical information, outcomes examined may be subject to misclassification, and certain outcomes (eg, erectile dysfunction) may be underreported. 47 We believe that claims should have an equally high specificity in the 2 patient cohorts included in this analysis to allow comparison of relative rates of morbidity; however, it is possible that patients receiving a novel technique may have falsely elevated outcome expectations and thus be more likely to report morbidity after treatment. Furthermore, treatment choice may lead to confounding. Although we attempted to control for a comprehensive list of observed covariates, residual confounding from unmeasured covariates is possible. However, despite the limitations of SEER-Medicare, this data set represents an important resource with an established method for comparative effectiveness research. Results from this study represent outcomes of recent patients who received treatments widely available in the community. Whether patient outcomes are better in high-volume centers requires further study. The population-based examination of patient outcomes broadens the generalizability of results over institutional series, but the study is limited by the need to exclude patients with discontinuous Medicare coverage.
In summary, IMRT use has increased markedly for the treatment of prostate cancer in patients who require radiotherapy following prostatectomy. We found no significant difference in the rates of morbidity in patients who received IMRT vs CRT or in the rate of receiving subsequent additional cancer therapies. Our results provide new and important information to patients, physicians, and other decision makers on the currently available evidence regarding the outcomes of different postprostatectomy radiation techniques. The potential clinical benefit of IMRT compared with CRT in this setting is unclear.
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